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Abstract:
Beetroot juice is a source of dietary nitrate (NO3-) recognised as a 
potential ergogenic aid to enhance tolerance during endurance exercise 
of submaximal-to-maximal intensity. However, little is known about the 
effects of beetroot juice on exercise performance in intermittent sports 
such as tennis. The present study aimed to determine the effect of acute 
beetroot juice supplementation on movement patterns during a 
competitive tennis match in professional players. In a double-blind and 
randomised experiment, nine professional tennis players performed two 
experimental trials 3 h after ingesting either 70 mL of a commercially-
available concentrated beetroot juice (6.4 mmol NO3-) or placebo (0.005 
mmol NO3-). In each experimental trial, players completed a 3-set 
tennis match and two performance tests (i.e., serve speed and isometric 
handgrip strength) before and after the match. Match-play running 
performance was recorded using wearable GPS and accelerometer units. 
In comparison to the placebo trial, the acute beetroot juice 
supplementation did not modify any match-play running performance 
(p= 0.178 to 0.997, d = 0.01 to 0.42). Furthermore, beetroot juice 
supplementation did not alter the pre-to-post match change in serve 
speed (p = 0.663, ηp2 = 0.03) or isometric handgrip strength (p = 
0.219, ηp2 = 0.18). The current results indicated that acute ingestion of 
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a commercialised shot of nitrate-rich beetroot juice (70 mL containing 
6.4 mmol of NO3-) did not produce any performance benefit on tennis 
match play. Thus, acute beetroot juice supplementation seems an 
ergogenic aid with little value to enhance physical performance in 
professional tennis players.
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ABSTRACT
Beetroot juice is a source of dietary nitrate (NO3-) recognised as a potential ergogenic aid 
to enhance tolerance during endurance exercise of submaximal-to-maximal intensity. 
However, little is known about the effects of beetroot juice on exercise performance in 
intermittent sports such as tennis. The present study aimed to determine the effect of acute 
beetroot juice supplementation on movement patterns during a competitive tennis match 
in professional players. In a double-blind and randomised experiment, nine professional 
tennis players performed two experimental trials 3 h after ingesting either 70 mL of a 
commercially-available concentrated beetroot juice (6.4 mmol NO3-) or placebo (0.005 
mmol NO3-). In each experimental trial, players completed a 3-set tennis match and two 
performance tests (i.e., serve speed and isometric handgrip strength) before and after the 
match. Match-play running performance was recorded using wearable GPS and 
accelerometer units. In comparison to the placebo trial, the acute beetroot juice 
supplementation did not modify any match-play running performance (p= 0.178 to 0.997, 
d = 0.01 to 0.42). Furthermore, beetroot juice supplementation did not alter the pre-to-
post match change in serve speed (p = 0.663, ηp2 = 0.03) or isometric handgrip strength 
(p = 0.219, ηp2 = 0.18). The current results indicated that acute ingestion of a 
commercialised shot of nitrate-rich beetroot juice (70 mL containing 6.4 mmol of NO3-) 
did not produce any performance benefit on tennis match play. Thus, acute beetroot juice 
supplementation seems an ergogenic aid with little value to enhance physical 
performance in professional tennis players.
Keywords: racquet sports, nutrition, external load, supplement, elite athlete, sports 
performance
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INTRODUCTION
Beetroot juice is a rich source of dietary inorganic nitrate (NO3-) which is gaining 
popularity as a sports nutrition supplement due to its efficacy to enhance several aspects 
of sports performance. By means of oral administration, the NO3- contained in beetroot 
juice can be reduced to nitrite (NO2-) by xanthine oxidase and by anaerobic bacteria in 
the oral cavity. Once NO2- is swallowed, it is instantly decomposed to nitric oxide (NO) 
in the acidic stomach. (1). Hence, it has been suggested that the intake of dietary NO3- 
results in an increase of blood levels of NO3- and NO2- while they can function as 
substrates for further generation of bioactive NO (2). The resultant NO is a potent 
vasodilator compound that increases blood flow in skeletal muscle, enhances muscle 
oxygenation and improves contractile force in type II (fast-twitch) muscle fibres (3–5). 
Under this background, the ingestion of beetroot juice and other foods containing high 
amounts of NO3- may be used to enhance the endogenous production of NO through the 
nitrate–nitrite–NO pathway (6), ultimately affecting exercise performance. 
Recent evidence suggests that at least 5 mmol of NO3- are needed to obtain 
exercise performance benefits (7). As the average intake of NO3- in a regular diet is within 
1 and 2 mmol per day (8), several companies of dietary supplements have marketed 
supplements containing higher doses of NO3- via concentrated beetroot juice or powdered 
beetroot juice to facilitate the obtaining of this dosage. To this regard, the International 
Olympic Committee has recently categorised beetroot juice as a dietary supplement with 
a good level of evidence to enhance endurance performance (9), and, hence, the use of 
beetroot juice and nitrate-rich dietary supplements has been gaining increasing 
importance in sport. However, while evidence supports the benefits of beetroot juice 
supplementation for prolonged submaximal exercise and for high-intensity short-duration 
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tasks (i.e., < 15 min; (7,9)), little is known about the effects of beetroot juice 
supplementation to improve physical performance in intermittent sports (10,11). 
A first study conducted in team-sports players showed that the ingestion of 490 
mL of nitrate-rich beetroot juice (28.7 mmol of NO3-), distributed in seven servings over 
the 30 h preceding testing, improved anaerobic capacity with increments of ~4.2% in the 
total distance covered in the intermittent Yo-Yo test (12). Likewise, another study found 
that ingestion of 250 mL of beetroot juice (~28 mmol of NO3- in total) during the testing 
day, 24h after and 48h after the effort facilitated a more rapid recovery after 100 drop 
jumps that induced muscle damage (13). Although promising, the acute ingestion of such 
high doses of beetroot juice could be problematic. According to a recent study, a high 
portion of the participants consuming 140 mL of beetroot juice experienced side effects 
in the hours after ingestion like nausea (41%), gastrointestinal upset (17%), beeturia 
(17%) or acid reflux (8%; (14)). Howev r, some studies cast doubt on the acute impact 
of beetroot juice supplementation (70-140 mL) in common sports-specific high-intensity 
efforts such as jumps, repeated-sprints or changes of directions (15–19). Furthermore, 
beetroot juice supplementation (140 mL) has been found inefficient to improve match 
play during a basketball competition (17) and to improve physical aspects of tennis-
specific performance such as sprint velocity and agility. (16) With this background, it is 
impossible to objectively determine if acute beetroot juice supplementation with doses 
that produce a lower rating of side effects may benefit performance. 
Although some of the effects of beetroot supplementation found in other 
investigations, such improved anaerobic capacity (12) and enhanced physical 
performance in exercise activities shorter than 300 s (7) may suggest an ergogenic benefit 
of this type of supplementation on tennis-specific performance, the evidence is scarce and 
contradictory. Thus, the aim of this double-blind crossover study was to determine 
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whether acute supplementation of concentrated beetroot juice (6.4 mmol of NO3-) 3 h 
before a 3-set match would improve the match-play movement patterns in professional 
tennis players. We hypothesised that this single dose of beetroot juice would be 
ineffective to modify match-play movement patterns in this sample of highly trained 
tennis players. 
METHODS
Experimental approach to the problem design 
A randomised, double-blind, placebo-controlled experimental design was used in this 
study. Participants completed one familiarisation trial and two identical testing sessions 
in the same outdoor tennis facility, under the same experimental conditions 
(environmental temperature: 10.6 ± 4.0 ºC vs 11.4 ± 2.8 ºC vs and humidity 40 ± 7% vs. 
32 ± 5 % for beetroot juice and placebo conditions, respectively) and at the same time in 
the morning (11.00 h) in order to avoid circadian rhythm effects (20). Participants acted 
as their own controls to produce a crossover experimental design. In the testing sessions, 
participants ingested: (a) 70 mL of concentrated beetroot juice to provide 6.4 mmol of 
NO3- or, (b) 70 mL of a placebo drink with an insignificant amount of NO3- (i.e., 0.005 
mmol of NO3-), as previously reported elsewhere (21). On each testing session, 
participants ingested the assigned drinks 3 h before the onset of the trials which consisted 
of a 3-set tennis match and two tennis-specific tests (i.e., serve speed and isometric 
handgrip strength) performed before and after the match. During the match, movements 
patterns were recorded using wearable GPS units and accelerometers. A full 
familiarisation session was conducted two days before the first testing session. The testing 
sessions were separated by 1 week to allow a full recovery, testing reproducibility and 
substance wash out (17).
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Participants
Eleven professional male tennis players (age: 24.9 ± 4.2 years; body mass: 74.4 ± 8.9 kg; 
height: 1.82 ± 0.09 m; tennis experience: 15.4 ± 6.1 years; training volume: 11.8 ± 2.7 
hours per week) were screened and recruited as potential participants. After being fully 
informed of the experimental protocols, all players gave their informed written consent 
to participate. Three tennis players were ranked between the 650th and the 1800th place in 
the Association of Tennis Professionals (ATP) ranking while the remaining eight players 
were among the 300 best Spanish tennis players. Dietary NO3- intake was restricted by 
providing subjects with a list of NO3- rich foods (e.g., beetroot, celery, or spinach) that 
they should avoid in the 48 h before each testing session. Subjects were encouraged to 
avoid brushing their teeth or using any oral antiseptic rinse, or chewing gum or ingesting 
sweets that could alter their oral microbiota and interfere with NO3- reduction during the 
24 h leading up to each experimental trial (22). Subjects were instructed to refrain from 
any type of exercise or the ingestion of caffeine 24-hours before the experimental trials 
and to follow a diet sheet consisting of 60% carbohydrates, 30% fat, and 10% proteins. 
The Bioethics Commission of the Francisco de Vitoria University (number 46/2018) 
approved the study which complied with the Declaration of Helsinki. 
Experimental Protocol
For all visits, participants arrived at the tennis facilities having consumed the same self-
selected breakfast 3 h before each trial. On each testing day, the tennis players ingested 
either 70 mL of concentrated beetroot juice containing 6.4 mmol NO3- (Beet IT; James 
White Drinks Ltd., Ipswich, UK) or the same amount of a placebo drink (0.005 mmol of 
NO3-) under the surveillance of researchers. The placebo drink was prepared with 1 g of 
powdered beetroot juice (ECO Saludviva, Alicante, Spain) and lemon juice dissolved in 
water to obtain a drink with similar taste and colour, but with an insignificant amount of 
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NO3-, as previously described (21). We administered the treatments 3 h before the onset 
of the experimental trials following the results of McIlvenna (23), who found peak plasma 
concentrations of NO2- 3.5 h after the intake of beetroot juice. During the following 3 h, 
participants stayed at the tennis facility resting. Afterwards, a 10-min standardised 
dynamic warm-up that included running, changes of direction and short sprints, dynamic 
movements of the shoulder and serves was performed at the beginning of each testing 
session (24). Serve speed and handgrip strength were measured after the warm-up and 
these tests were repeated 10 min after the end of the match to assess pre-post-match 
changes in these variables. Serve speed was assessed with a sports radar gun (Pocket 
Radar Ball Coach PR1000BC, Republic of South Korea), positioned on the tennis court 
in the centre of the baseline, 4 m behind the server, aligned with the approximate height 
of ball contact (~2.2 m) and pointing down the centre of the court (25). For this test, 
players performed five maximal speed serves with a 20s rest between them. The speed 
was only recorded if the ball hit inside a 1m x 1m area allocated in the farther diagonal 
corner of the serving area (26) to produce a valid serve. The mean velocity of five valid 
serves was calculated for further analysis. The radar was calibrated at the beginning of 
each testing session, according to the manufacturer’s specifications. After 10 min of 
recovery, players completed two maximum isometric voluntary contractions of the 
dominant hand using a digital handgrip dynamometer (Takei 5101, Tokyo, Japan) with 2 
min rest between attempts. Subjects sat with 0º of shoulder flexion, 0º of elbow flexion, 
and the forearm and hand in a neutral position (20) for this measurement. The mean value 
of these two attempts was recorded for analysis. 
Match-play activity
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Ten min after the end of the pre-match testing, players competed in a singles 3-set match 
against an equally same ranked opponent with a 10-point super-tiebreak, following the 
rules of the International Tennis Federation. During the experimental trials, the same 2 
participants took part in each match to avoid the effects of the opponent’s level on the 
results of the investigation. Matches were officiated by an experienced referee and held 
on an outdoor tennis court. Players’ match activity was monitored using a wearable GPS 
system (SPI Elite, GPSports Systems, Canberra, Australia) inserted in a purpose-built 
backpack. Speed and distance were tracked at 15 Hz and accelerations were recorded at 
100 Hz. Players wore the same GPS unit for both matches in order to reduce measurement 
error. Data collected were analysed using specialised software (TeamAMS, GPSports, 
Canberra, Australia). Total running distance covered during the match was recorded at 
five speed thresholds as previously suggested (27): standing and walking (< 6.1 km·h-1), 
jogging (from 6.1 to 12.0 km·h-1), cruising (from 12.1 to 14.0 km·h-1), striding (from 14.1 
to 18.0 km·h-1) and high-intensity running (>18.1 km·h-1). Peak running velocity, the 
number of high intensity accelerations (i.e., > 1.5 m·s-2) and decelerations (i.e., < -1.5 
m·s-2) and the number of body impacts were collected. Due to the different match 
durations, all variables analysed were relativised per minute of match duration The rating 
of perceived exertion (RPE) was obtained 30 min after of the end of the match with a 10-
point scale (28).
Statistical analysis
The required sample size was determined by statistical power calculation (29) on the basis 
of previous studies that described the variability on the distance covered at > 18 km/h in 
tennis players (30) and determined the effects of BR on match-play movement patterns 
in basketball (17). Ten subjects would be required to detect changes of 0.61 ± 0.50 m·min-
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1 in the distance covered at > 18 km·h-1, with a power of 0.80 and two-tailed α level set 
at 0.05. Data are presented as mean ± standard deviation (SD). The Shapiro-Wilks test 
revealed that data were normally distributed. Paired t-tests were performed to compare 
match-play running performance between beetroot juice and placebo trials. Two-way 
(treatment x time) repeated measures analysis of variance (ANOVA) was used to identify 
differences in the two tennis-specific tests performed before and after the match. 
Following a significant F test in the ANOVA (Greenhouse-Geisser correction for the 
assumption of sphericity), differences between means were identified using the 
Bonferroni post hoc procedure. Statistical significance was set at p < 0.05. Cohen’s d 
(±95% confidence intervals) for t-tests, and partial eta squared (ηp2) for ANOVA were 
calculated to estimate the effect size (31). Calculations were made using SPSS software 
(v. 24, IBM, Armonk, NY, USA). MedCalc (v. 18.2.1, MedCalc Software bvba, Ostend, 
Belgium) was used for sample size and power calculations.
RESULTS
Two participants were unable to complete the second testing session and therefore data 
from the nine participants who completed the experiment were considered for the 
analysis. The order of the trials was identified by 56% of the participants (5/9 
participants). The nutritional strategy was well tolerated without severe adverse effects, 
with only one player showing gastrointestinal discomfort after the placebo ingestion. 
ANOVA revealed no main effect of the treatment (p = 0.227; ηp2 = 0.15) or time (p = 
0.117; ηp2 = 0.28) or treatment x time interaction (p = 0.663; ηp2= 0.03) on serve speed. 
Similarly, ANOVA revealed no main effect of the treatment (p = 0.152; ηp2 = 0.24) or 
time (p = 0.711; ηp2 = 0.02) or treatment x time interaction (p = 0.219; ηp2 = 0.18) on 
handgrip strength (Figure 1). 
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*** Figure 1 about here***
The duration of the matches was similar with beetroot juice and with the placebo (72.5 ± 
20.3 vs. 76.6 ± 12.0 min, p = 0.703). Tennis match-play running performance is presented 
in Table 1. There were no between-treatment differences in any of the variables recorded 
during the match while the magnitude of the effect sizes was small (Figure 2). The RPE 
after the match was similar with beetroot juice and with the placebo (5.3 ± 2.3 vs. 5.0 ± 
2.6, p = 0.551). 
***Table 1 about here***
*** Figure 2 about here***
DISCUSSION
In this double-blind, placebo-controlled crossover study, the acute ingestion of a 
commercialised shot of nitrate-rich beetroot juice (70 mL containing 6.4 mmol of NO3-) 
was ineffective to improve match-play running performance and pre-to-post-match serve 
speed and handgrip strength changes in professional tennis players. Furthermore, the 
ingestion of beetroot juice did not modify the rating of perceived exertion after the match. 
These results are in line with previous studies reporting no impact of acute beetroot juice 
ingestion on jumping capacity, velocity in short distances and on the ability to change-
of-direction (16,17) because the current protocol of beetroot supplementation was 
ineffective to produce ergogenic benefits on tennis-specific performance. Overall, the 
current investigation contributes to existing knowledge by providing new evidence on the 
lack of influence of beetroot juice on match-play performance in professional tennis 
players. 
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One previous study in highly-trained tennis players found no effects on 
neuromuscular performance variables of consuming 70 mL of concentrated beetroot juice 
(16). In addition, a recent systematic review indicates that approximately 68% of the 
investigations geared to determine the effect of NO3- supplementation do not observe an 
ergogenic effect on exercise performance (7). In this regard, it seems that beetroot juice 
supplementation is less effective in in participants with excellent aerobic capacity (7,32), 
likely due to high endogenous production of NO and enhanced blood flow to exercising 
muscles induced by training. The lack of performance benefits of acute beetroot juice 
supplementation in this sample of professional tennis players reinforces the idea that this 
supplement may be ineffective to increase the physical and physiological aspects related 
to elite tennis performance. Certainly, higher doses (12,13) or chronic beetroot juice 
supplementation (33–36) may be required to obtain the potential benefits of this dietary 
supplement for exercise performance in intermittent efforts. However, the ingestion of 
beetroot juice at higher doses than the one used in this investigation may cause some 
gastrointestinal side effects (14). According to our findings, a commercialised shot of 
nitrate-rich beetroot juice produced no extra benefits during a 60-80 min tennis 
competition in professional tennis players. Nonetheless, these data do not dispute the 
well-established effect that beetroot juice and other nitrate-rich supplements have to 
enhance endurance performance during prolonged, low intensity and high volume 
exercise in recreational athletes (9,21). 
The current experiment is innovative because it provides new evidence about the 
effect of beetroot juice supplementation on tennis match play running patterns. GPS 
tracking technology is a useful tool to quantify the running external load during a match 
as it is capable of recording the distance covered at customized speed thresholds during 
real and simulated sports competition (37,38). The research measuring the effectiveness 
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of beetroot juice supplementation in in-game performance through GPS technology is 
scarce, despite utility of this methodology to assess the effect of nutritional treatments on 
sports performance (39). One recent study conducted on young basketball players (17) 
found no improvements from acute beetroot ingestion in match activity, measured with 
GPS. In addition, the current investigation helps to establish that acute beetroot juice 
supplementation with a commercialised shot of nitrate-rich beetroot juice (70 mL 
containing 6.4 mmol of NO3-) has little benefit to enhance physical performance during 
simulated tennis match play. From a practical perspective, higher doses of up to 28 mmol 
of NO3- may be necessary to obtain a potential ergogenic effect in intermittent-based 
sports (12,13). 
The role of beetroot juice supplementation in accelerating recovery after exercise 
has been previously addressed with positive results after chronic administration (34,36). 
In soccer players, 140 mL of beetroot juice twice per day for 7 days reduced post exercise 
perceived muscle soreness and improved the recovery of muscle function after a match. 
Furthermore, chronic beetroot juice administration with higher doses (~12 mmol during 
7 days) was found effective in preventing handgrip strength decline in response to 
exercise in jiu-jitsu athletes (34). In our study, we sought to identifying the influence of 
an acute administration of 70 mL of beetroot juice on mitigating the competition-induced 
fatigue in serve speed and handgrip strength. The tennis serve is a repetitive, high-
intensity stroke which combines velocity and accuracy to hit the ball as fast as possible 
towards the planned target (40). Although maintaining serve speed and accuracy during 
the game is likely to increase the winning options (41), ball speed may be influenced by 
competition-induced fatigue (42). Likewise, loss in handgrip strength may negatively 
affect service performance (43). In this sense, our results suggested no benefits of acute 
beetroot juice supplementation in mitigating fatigue after a 3-set tennis competition at a 
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professional level. This lack of effect may be accounted for by the game settings and 
duration (60-80 min). While these matches are commonly played as a training task, longer 
and higher-demanding games are expected during professional tennis competitions. The 
current data indicate that acute ingestion of beetroot juice was not effective to enhance 
the maintenance of muscle performance during a tennis match. Still, it remains the 
possibility of obtaining some benefits during the recovery process of exercise when the 
protocol of beetroot juice supplementation is maintained for several days (34,36).
Aside from its strengths, the current investigation has several limitations that 
should be discussed to enhance is applicability to real sports contexts. First, we did not 
obtain blood samples and thus, we were unable to assess the levels of circulating NO3- 
and NO2- after beetroot juice administration. Second, we selected a dose of 6.4 mmol of 
NO3- in the experimental trial with concentrated beetroot juice which is above the 
threshold suggested to obtain ergogenic benefits (7,21,44). Thus, despite the current 
protocol of beetroot juice supplementation has been confirmed by other researchers to be 
effective to enhance physical performance, the inclusion of blood samples would have 
helped in determining the actual levels of NO3- elicited by the supplementation protocol 
before and after the tennis match. Third, the lack of performance-enhancing benefits of 
beetroot juice supplementation may be affected by the limited sample size and the 
moderate physical demands of the tennis matches. Despite the duration of the matches 
was longer than 70 min in both protocols and participants were encouraged to produce 
their highest performance during the matches, these professional tennis players are 
accustomed to high levels of training and longer competitive matches which might 
explain their moderate ratings of perceived exertion after the testing protocols. 
Furthermore, this sample of professional tennis players potentially have high levels of 
central and local training-induced adaptations. As the effectiveness of beetroot juice 
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supplementation may vary depending on the fitness level of the individual (7), the 
outcomes of this investigation should be only translated to elite male tennis players 
unhabituated to beetroot ingestion. Hence, the possibility still remains that acute beetroot 
supplementation in the dose used in this investigation produces some performance 
benefits in tennis matches that are longer and more exhausting than the ones investigated 
here, or in tournaments where two matches are played on the same day. However, these 
speculations need further exploration in subsequent studies. 
In conclusion, acute ingestion of a commercialised shot of concentrated beetroot 
juice (70 mL containing 6.4 mmol of NO3-) was ineffective to increase tennis match-play 
running performance in professional players. Moreover, the acute ingestion of 
concentrated beetroot juice had no impact on strength changes induced by the match. 
These outcomes suggest that acute nitrate-rich beetroot juice supplementation seems an 
ergogenic aid with little value to enhance physical performance in professional tennis 
players. Future investigations are required to corroborate these findings in longer matches 
and clarify the potential benefits of beetroot juice on other aspects of tennis performance. 
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Figure 1. Serve speed and handgrip strength before and after a 3-set tennis match with 
the ingestion of 70 mL of beetroot juice (6.4 mmol NO3-) or a placebo in professional 
tennis players. 
The bars represent the mean value for nine professional tennis players before and after 
the match for each treatment and the lines represent individual responses. 
Figure 2. Effect sizes (±95% confidence intervals) for movement patterns during a 3-set 
tennis match with the ingestion of 70 mL of beetroot juice (6.4 mmol NO3-) or a placebo 
in professional tennis players. 
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Table 1. Tennis match-play demands after the ingestion of 70 mL of beetroot juice (6.4 
mmol NO3-) or placebo (0.4 mmol NO3-) in professional tennis players. Data presented 
as Mean ± SD.
GPS-derived variables Placebo Beetroot juice p
Peak velocity (km·h-1) 19.8 ± 2.5 19.9 ± 2.7 0.929
Total distance covered (m·min-1) 48.2 ± 20.2 46.4 ± 25.3 0.891
< 6.1 km·h-1 (m·min-1) 38.2 ± 15.6 35.4 ± 17.4 0.782
6.1 to 12.0 km·h-1 (m·min-1) 8.4 ± 4.3 9.2 ± 6.3 0.780
12.1 to 14.0 km·h-1 (m·min-1) 0.84 ± 0.46 0.90 ± 0.85 0.873
14.1 to 18.0 km·h-1 (m·min-1) 0.70 ± 0.48 0.73 ± 0.81 0.924
> 18 km·h-1 (m·min-1) 0.12 ± 0.11 0.19 ± 0.21 0.178
Number of accelerations (>1.5 m·s-1) 18.2 ± 11.1 18.0 ± 13.4 0.950
Number of decelerations (<-1.5 m·s-1) 19.1 ± 9.9 20.7 ± 13.6 0.736
Total Impacts (number·min-1) 33.5± 16.9 32.2± 18.5 0.898
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